The next generation of linear colliders--represented by the Japanese Linear In addition, the "charge limit" previously reported for high peak current pulses puts a limit on the laser power usable for photoexciting a low QE cathode near the bandgap threshold. These problems have so far precluded any serious attempt to design an RF gun for polarized electrons. Several technical advances that now improve the prospects for a practical polarized electron RF gun are described.
polarized electrons generated by a photocathode gun. A photocathode gun with high polarization (Pe) photocathodes (up to Pe-80% achieved to date) is currently providing polarized electrons for the SLC. The SLC source requires subharmonic bunching at low energy to reduce the bunch length prior to S--b&id bunching and a damping ring at high energy to reduce the transverse emittance.
The use of an RF gun can eliminate the former and possibly simplify the latter. However, RF guns as presently developed have serious problems with vacuum contamination, which would quickly lower the quantum efficiency (QE) of a semiconductor photocathode.
In addition, the "charge limit" previously reported for high peak current pulses puts a limit on the laser power usable for photoexciting a low QE cathode near the bandgap threshold. These problems have so far precluded any serious attempt to design an RF gun for polarized electrons. Several technical advances that now improve the prospects for a practical polarized electron RF gun are described.
-Finally, new ideas for high polarization photocathodes that permit operation in a relatively poor vacuum and techniques being explored to mitigate the low QE: "charge limit" are discussed.
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Introduction
Polarized electrons for high energy physics increase the effective luminosity for some measurements and improve the systematic uncertainties associated with those measurements [l] . Polarized electron beams are particularly inviting for linear colliders, since there is no significant depolarizing mechanism in the acceleration process itself. Polarized electrons for linear colliders must be generated by an external source. Such sources exist today, most notably for the SLC. All presently operating polarized electron sources for high energy accelerators are designed as low brightness sources matched to injectors which originally or alternatively use thermionic electron sources. 
Linear Collider Requirements
The SLC and all linear colliders being planned are inherently low duty factor accelerators.
In the following discussion of pulse structure for colliders, the terminology of Fig. 1 The transverse normalized RMS emittance, ye, of the NLWJLC for flat beams is required to be on the order of 5 x 10-8 m in the vertical plane but only -5 x lo-6 m in the horizontal. Low emittances will be achieved in damping rings after initial acceleration to a few GeV. In principle this initial acceleration can be done at any convenient RF frequency, including S-band.
SLC Polarized Gun Performance
The The rate of decrease of QE is unaffected by the presence of the photoelectron
beam, but is possibly influenced by dark currents. With HV off, the CO partial pressure is 10 -I2 Torr. In one test, dark currents on the order of 350 nA (which resulted in an increase of about 10 -13 Torr in the CO partial pressure) shortened the cathode lifetime by a factor of three. The charge limit at 850 nm for a 2 ns pulse was found to be -1011 e-at QE = l%, slightly less than the space charge limit of the gun (1.2xlOiI e-at 120 kV), decreasing more or less in proportion to the decrease in QE. With the SLC source operating at 120 kV producing 5 x lOlO e' per bunch at 120 Hz, the QE decreases from 0.5% at a rate of about 0.05% (absolute) per day despite a total vacuum of lo-11 Torr (dominated by H2) and a dark current ~50 nA. The QE is easily restored by a small charge of Cs to the surface of the cathode, a process that was be repeated >25 times over an 8 week period before the first reactivation [8].
The rms normalized emittance of the bunched SLC beam after acceleration to 40 MeV is -10-4 m. It is possible this emittance could be improved with a _ different buncher design.
. The SLC performance is compared to the NLC/JLC design parameters in Table I .
For a given cathode area, the strength of the space charge forces at nonrelativistic energies is proportional to the peak current (Ipeak). The potential magnitude of beam-induced molecular desorption at the source is indicated by the total charge per second (Ntotal).
RF Gun Performance
RF guns are being vigorously developed as high brightness sources for FELs.
As discussed earlier, a successful RF gun may be able to significantly simplify a linac injector and damping system. The problem of heavy beam-loading in -bunching systems due to multibunch operation is possibly less severe if an RF gun is used. Likewise, even if a DR cannot be avoided, any lowering of the transverse emittance of the input beam will make the DR design easier [9] . LBand (1.3 GHz) RF guns with multi-alkali cathodes have been under study at LANL since 1987 [lo] . These guns typically provide a surface gradient at the cathode of 20-30 MeV/m, an order of magnitude higher than the SLC gun, and rapidly accelerate the particles to relativistic energies, thus minimizing the emittance debilitating effects of space charge fields at low electron energies.
Since the emission delay from the cathode is on the order of a picosecond or [17] . It is known that the peak field needed to generate a given level of dark current increases as the pulse width decreases. It is reasonable to expect that it will be possible to increase the RF fields an order of magnitude higher than DC fields without increasing the dark currents.
-9.
--r. GaAs as well as to Cs [23] , and use of larger bandgap materials [24] . More research is needed to determine the limits of the vacuum system for the operating cathode.
The laser wavelength for a polarized RF gun must be near the bandgap edge.
To utilize all the possible high-polarization cathodes, the laser should be tunable over the range 750-870 nm. At present this limits one to a Ti:sapphire laser. With mode-locking, there is no problem producing 10 ps pulses at 714
MHz phase locked to S-band RF to within 1 ps. This is certainly an advantage The optimal pulse width of the electron beam at the cathode is on the order of 10 ps. The temporal emission response of a negative electron affinity (NRA)
GaAs cathode has not been measured to this level. However, the time, t, for an electron minority carrier to diffuse through an active layer of thickness x varies as x2/D, where D is the electron diffusion constant. At room _ temperature D -300 cm2s-1, so t is expected to be on the order of 3 ps or less for strained layer photocathodes.
A serious question arises as to whether the charge limitation reported for the SLC polarized source [5] will prohibit the fast extraction of the charge required for the MLC or JLC. Assuming equal cathode areas the charge density per microbunch required for the NLC is five times lower than a typical operating value for the SLC. The question concerns the allowed peak current density, Jpe&. For a 10 ps laser pulse and an S-band RF gun having a cathode diameter -9 ---r. _ * of 14 mm, Jpeak -100 A cmm2 for the NLC. Although this is well below the space charge current limit (estimated to be -300 A cm-2 at 30 MeVIm), it is more than an order of magnitude higher than for the SLC source. Charge densities as high as 180 A cm -2 have been reported for GaAs cathodes using shorter wavelength excitation [25] . The charge limit is much more restrictive for excitation near the bandgap. It is clear that the maximum current density that can be extracted from GaAs in the picosecond regime at bandgap wavelengths needs more investigation. The intrabunch effects of the charge limit also need more study [26] .
The initial RF and beam processing of the RF cavity may prove crucial to achieving good vacuum. A load-lock design for the cathode permits RF processing with a dummy cathode. A load-lock also makes beam processing possible using a metal cathode in combination with a powerful short wavelength laser.
In addition, introducing the cathode into the vacuum .--system after the latter is baked for good vacuum has been shown at SLAC to produce consistently higher initial QEs [27] .
A schematic for a possible load-lock design suitable for generating polarized electrons is shown in Fig. 4 . It follows closely the SLC design described in ref.
WI.
A magnetic manipulator [29] 
Conclusion
Given the advances that have been made with the SLC in the operation of a -high peak current, pulsed polarized electron source using DC voltage, the prospect for generating polarized electron beams with an RF gun now appear to be quite good. The technological advances already proven, or which hold promise for the near future, can be applied to present RF gun designs to produce a low-emittance highly-polarized beam suitable for the JLC/NLC injector. - [a] The pulse width assumed here is for the laser system described in the text.
[b] The number of particles produced at the source is shown here as 40%
higher than needed by the linac to make up for unavoidable losses.
[c] The emittance for NLC/JLC is the requirement for the high energy linac. 
